Ninety-three individuals with Down syndrome (DS) were screened to investigate the prevalence of celiac disease (CD) in the United States. Five of the 93 individuals were antiendomysial antibody (EMA) positive. Of the 5 who tested positive for EMA, 4 were biopsied, 1 refused biopsy. Three of the 4 individuals biopsied manifested changes of CD on small bowel biopsy. This gives a frequency of 3.2% of confirmed CD in our DS individuals and suggests the need for periodic screening for celiac disease in this population. Clin Pediatr. 2001;40:249-252 
Introduction
T he high prevalence of immune-related disorders, such as autoimmune thyroid disease, diabetes mellitus, alopecia, and vitiligo, in individuals with Down syndrome (DS) is well recognized. In 1976, Bentlyl described, for the first time, a relationship between DS and celiac disease (CD) in a case study. Since then, a number of epidemiologic studies originating in countries such as Canada,2 Netherlands,3 Sweden,4 Italy,5 and Australia6 have recognized a prevalence of CD varying from 1% tol7% in individuals with DS. This is in contrast to the incidence of CD of 1:3000-10,00047 in the general population in the United States. Classic signs and symptoms of CD include large bulky stools, diarrhea, steatorrhea, excess flatus, bloating, weight loss, short stature, failure to thrive, fatigue, and personality changes.4 In teristic, thus making the diagnosis obscure unless specifically investigated. In asymptomatic siblings of index cases of CD, a high incidence of positive antiendomysial antibodies has been found, suggesting that certain children may have latent CD that is manifested with immunologic markers but not yet with clinical symptoms. The increased frequency of CD in children with DS from European studies and the preliminary data from the United States reporting a prevalence rate of 4% to 5% of CD in DS,89 in addition to the subtle symptoms of the disease, which can overlap with the natural history of DS, raised our concern about the absence of guidelines for evaluating CD in DS. We developed, therefore, a clinical algorithm to screen for and further investigate the prevalence of CD in our DS clinic population in the United States.
Methods
Reported herein is the experience with 93 consecutive patients with a confirmed diagnosis of DS evaluated in our clinic for CD as part of a routine assessment for conditions known to be more prevalent in this population. All patients were older than 12 months and had gluten in their diets. Patients were clinically assessed for signs and symptoms of CD and had serologic tests. These tests included IgG antigliadin antibodies (IgG-AGA), IgA antigliadin antibodies (IgA-AGA), and antiendomysial antibodies (EMA). Children who were symptomatic, those with IgG-AGA greater than twice the reported upper limit of normal value, and those with positive EMA or positive IgA-AGA at any titer with or without symptoms were referred for a clinical evaluation and small bowel biopsy by a pediatric gastroenterologist. At least 3-6 small bowel biopsies were taken endoscopically from multiple areas in the third and fourth portions of the duodenum with standard biopsy forceps. In cases where the IgG-AGA was elevated with a normal IgA-AGA and a negative EMA, an immune profile was performed to exclude selective IgA deficiency. Upon referral, parents/caregivers were asked to complete a stool and symptom diary for a 1-week period before biopsy.
Results
Ninety-three patients (57 males and 36 females; ages 1 to 22 years, mean age 5.6 years) were screened for CD according to the algorithm. Seventy-one were Cau-casian of mixed descent, 16 African-American, 5 Hispanic, 1 Asian, and 1 Native American. Of the 25 children who met criteria for referral to the gastroenterologist, 16 underwent small bowel biopsy and 9 were lost to follow-up or refused to undergo biopsy. Five patients had a positive EMA. Villous atrophy, reversed crypt-to-villous ratio, and intraepithelial lymphocytes consistent with CD were found in 3 Caucasian patients, ages 3, 6, and 10 years (2 males and 1 female). These 3 children had a positive EMA at titers from 1:10, 1:40, to 1:640. One of the 5 children biopsy. Of the remaining 12 children who were biopsied, 5 were IgG-AGA and IgA-AGA positive and EMA negative, and 7 were just IgG-AGA positive ( Table 1) . These results give a frequency of confirmed CD in our DS population of at least 3.2%. This indicates a high degree of sensitivity (100%) and specificity (-93%)
for EMA concurring with the findings in previous studies.5 If the other 2 EMA-positive patients are included in the calculation, the prevalence of CD in this population increases to approximately 5.4%. All 3 children described abnormalities in stooling pattern: 1 with loose stools and gas, and 2 with a history of constipation. Families did not appear to be concerned with these changes, and growth velocity was not affected when plotted on the growth chart normed for children with DS. None of these 3 patients had thyroid disease or diabetes mellitus. Currently, all 3 are on a gluten-elimination diet, which resulted in improvement in the diarrhea in 1 patient and disappearance of constipation in the other 2 patients.
Discussion
The prevalence of confirmed CD in our patients with DS is at least 96 times greater than the prevalence of CD in the general US pediatric population, taking an incidence of 1:3,000. If the 2 patients with positive EMA markers are included and the incidence of CD taken as 1:10,000, then this proportional increase is even more dramatic. Reports of latent CD in other populations including relatives of index cases and patients with type I diabetes have suggested that patients with positive EMA antibodies and nor-mal findings from small intestinal biopsies are still at risk of later development of overt symptoms of celiac disease.'0"11 Early in the course, CD may be patchy and biopsies may miss affected areas. Host genetic and immune factors may determine the extent of villous atrophy and lymphocyte infiltration of epithelial mucosa, and more subtle signs of immunologic activation may go unnoticed without specialized testing of mucosal biopsy specimens. 12 This prospective study confirms the findings from other reported studies in the United States of an increased prevalence of CD in individuals with DS.8,9 It also supports the findings by others of a very low yield of identifying individuals with CD on biopsy if they are only IgG-AGA positive, thus virtually eliminating the need of an invasive procedure in this clinical setting. Since CD is often a silent disease, and children with DS tend to have constipation, diarrhea, and/or short stature attributed to their primary diagnosis (the only symptoms identified in our 3 patients diagnosed with biopsy-confirmed CD), screening of this at-risk population is needed.'3 The Health Care Guidelines for Individuals with Down Syndrome 1999 revi-sionl4 recommends CD screening between ages 2 to 3 years. We agree with these guidelines; however, we further recommend serial evaluations with reliance on EMA after age 2 years. For under the age of 2, antiendomysial antibody screening is less reliable, and less specific antigliadin antibodies must be used for screening. 15 For patients who are EMA positive and biopsy negative, a yearly clinical follow-up with attention to growth and gastrointestinal symptomatology is reasonable. These patients should also have yearly celiac disease screening. For other DS individuals, CD screening should be performed at least every 3 years or earlier if clinically indicated since CD could develop with age. Furthermore, since CD frequently has an atypical presentation in the older child and adult with DS,2 we would advise that screening be continued into adulthood. Previous studies have also documented a very high prevalence of positive AGA (IgG and IgA) in patients with DS. Storm'6 found that 31/78 (40%) cases of DS had abnormal values of AGA but only 6 (8%) had abnormal values of both IgG and IgA-AGA and only 2 of these 6 showed histologic changes of CD in the small bowel. We found that 39/ 93 (42%) of our patients had a positive AGA but only 7/93 (7.5%) were positive for both IgG and IgA-AGA and only 1 of these was EMA positive and had a small bowel biopsy consistent with CD ( Table 1 ). The high prevalence of pathologic AGA levels is clearly not a specific immunologic marker of CD in DS patients and might indicate the occurrence of an altered mucosal immune system or simply nonspecific mucosal anomalies resulting in gluten permeability (i.e., gastroenteritis and food allergy).
The number of patients in our study was small, but our results are consistent with the approach of using EMA in combination with IgA-AGA to screen for CD in individuals with DS. Reported low sensitivity of EMA analysis in children <2 years of age suggests that a combined IgA-AGA and EMA analysis must be performed in that age group.4 IgG-AGA had both a low sensitivity and specificity and is not clinically useful. Recent reports indicate that an enzyme-liked immunosorbent assay (ELISA) determining quanti-tative titers of IgA antitissue transglutaminase antibody is highly sensitive and specific for detection of celiac disease, but high variability of values between laboratories has been a problem. '7 Our clinical study, which shows a frequency of CD in our DS patients of at least 3.2%, provides further evidence of an increased prevalence of CD in DS in the United States. Further studies are needed to address the many remaining questions about the relationship of CD and DS including geographic and ethnic influence, age relationship to onset, symptomatic versus asymptomatic presentation, natural history of asymptomatic disease, and frequency of screening.
